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In former expeditions undertaken for the study of marine life, the

occurrence, ahundance, and activities of the bacteria were either left out

entirely, or were based upon the examination of samples of water

brought back many days and frequently months after they were collected.

The bacteriological activities in the sea bottom were frequently com-

pletely overlooked. In view of the fact that the total numbers of the

bacteria as well as the relative abundance of specific forms will change

rapidly soon after the samples of water and mud are exposed to sur-

face temperature, due either to a change in environmental conditions or

to a change in food supply, it is quite essential that the collected samples
should be subjected to immediate investigation. As a result of these

considerations, the laboratory on the
"

Atlantis," during the cruise made
in August, 1932, was so outfitted that it was possible to carry out the

bacteriological studies within a few minutes or at most hours, after the

samples of water, bottom mud. or sand were brought up from their re-

spective depths.

Because of the extensive hydrographic and biological investigations

which have been carried on in the Gulf of Maine, this region is par-

ticularly well adapted to a study of the relative abundance and activities

of marine bacteria. Such a study was further aided by the fact that

other biological and chemical investigations were carried on simultane-

ously on this cruise. The locations of the various stations at which

samples were taken during this cruise are described in the first paper of

this series.
2 Of the eight stations studied, five were in the Gulf of

Maine proper and the remaining three in the shallow waters over Georges

1 Contribution No. 10 of the Woods Hole Oceanographic Institution and

Journal Series Paper of the New Jersey Agricultural Experiment Station.
2 Rakestraw. Norris W., 1933. Chemistry of the Waters of the Gulf of Maine

in August, 1932. Biol. Bull.. 64: 149.
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Bank. A detailed description of the methods used in these investigations

will be presented later, when the l>acteriological results of this expedi-

tion will also lie compared with those obtained from waters and sea

bottoms near shore. <

>nly a brief summary of the investigations carried

out on and in connection with this cruise of the
"

Atlantis
"

will be re-

ported here. An attempt will be made to interpret the results of these

investigations in the light of the chemical conditions of the waters and

nature of the marine bottom, a- well as to correlate the results of the

bacteriological investigations with the results of the chemical and plank-

tonological >tudies made h\ the other investigators on this cruise.

ABUNDANCEOK BACTERIA IN SKA \\"ATKR AND IN TIIF.

SKA ]'>OTTOM

The relative numbers of bacteria in the sea are usually determined

bv means ot the plate method. This method has numerous limitation-

and can at best give only a very approximate idea of tin- actual abundance

of the bacteria, both in the water and in the sea bottom. Although new

methods have been introduced recently, consisting in direct staining of

the bacteria in the water, after they have been concentrated by filtration

or centrifuging. these methods are still in an experimental stage and

were not used on this expedition. If the various limitations of the plate

method are kept in mind and if broad generalizations are avoided, the

results obtained even by this procedure can be made to throw consider-

able light upon the relative abundance and nature- of the bacterial popu-
lation of the sea.

The numbers of bacteria were determined in the water from the dif-

ferent stations at three different depths, namely, the surface, 50 meters

and the bottom. At one station, water from two additional depths of

.SO and 100 meters was also investigated. The surface samples were

taken with ordinary sterili/ed and evacuated glass tubes provided with

a sealed glass tip which was broken about one foot below the surface of

the water. I )ccper samples were taken in heavier walled glass- tube-

having a specially constricted neck to prevent the rubber stopper being

furred into the tube bv the pressure of the water. The inlet tube in this

ease was made of a capillarv glass tube having a 1 mm. bore. Tubes of

this type were Used sueeessfullv to a depth of .vv ) meters but the- lower

limit of their usefulness has not yet been determined. Mud samples

were taken by means of a sampler consisting essentially of a brass tube

earrving a weight sufficient to force it some distance into the mud when

the bottom is reached. Into the brass tube is fitted a glass tube having

a check valve attached to its upper end. This allows water to stream

through the tube during it- descent. \Yhile raising the sampler the
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valve closes and prevents any downward pressure upon the mud core

within. By sterilizing the glass tube before use it is possible to eliminate

any bacterial contamination of the mud sample other than the contamina-

tion of the walls of the glass tube by the water passing through it while

descending. This may be easily eliminated by taking the sample to be

studied from the center of the core and discarding the surface which has

been in contact with the glass tube.

The water was plated undiluted and diluted 10 times, while the mud
was plated in dilutions of 1 : 10. 1 : 100 and 1 : 1000. Previous experi-

ments, which will be reported elsewhere, have shown that the following

medium is satisfactory for the development of marine bacteria, capable

of growing on the ordinary plate:

Agar 15 grams
Glucose 1 gram
Peptone 1 gram
KoHPO, 0.05 gram
Sea water 1000 cc.

TABLE I

Abundance of bacteria in sea water. Total numbers in 1 cc. of water.

Station Number
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the different other depths sampled, either at a single station or between

different stations. Neither was there any appreciable variation in the

bacterial content of tin- surface water of the different stations of this

group. The very high content of the surface water of Station 1333 was

probably due to the sample inadvertently being taken near floating sea-

weed or the introduction of some other contamination. The water

samples from the lower levels of this station resembled those from the

other deep water stations in their bacterial content.

The bacteria in the water of the second group of stations were uni-

formly much more numerous than in the water from the deeper stations.

In view of the other results to be reported below, this may be ascribed

to the higher phytoplankton content of this water. In two of the three

stations the bottom water sample- were considerably higher in bacteria

than the surface samples. One must keep in mind the fact that the

bottom of the last group of stations was sandy, while the bottom of the

first four ^tations was mud. To what extent the deposits at the bottom

of the ocean directly affect the bacterial content of the water for any

very great distance above, except in turbulent waters, still remains to be

determined. Because of the stray of the sampling cable from the

perpendicular and the rise and fall of the ship with the waves, it is not

possible to secure water samples with the apparatus used nearer than 2

or 3 meters from the bottom. The results, therefore, cannot be taken

as indicating the bacterial content of the laver of water in contact with

the mud bottom. It is possible- to secure water samples nearer the

bottom at shallow stations, as in the case of the second group. This,

together with the fact that the water at these stations is rather turbulent,

may indicate the transfer of sufficient nutrient material from the bottom

deposit to the water immediately above to support the greater number of

bacteria found in these waters.

'I lie more uniform distribution of the bacteria in the water at the

shallower stations is also correlated with the even distribution of the

diatom-. This is probably flue to the stronger vertical mixing of the

waters, as shown by the even distribution of temperature and salinity.

The results reported above agree with those of various other in-

vestigator- in indicating that the numbers of bacteria in sea water are

relatively low and quite uniform in distribution. In an effort to secure

further information concerning the presence of bacteria in sea water.

the association of these organisms with the plankton forms was in-

vestigated. l'iv towini; with plankton nets samples of both xooplankton
and phytoplankton wire collected. A number 20 silk net was used,

which left out the nannoplankton. The zodplankton consisted largely

! . while the phytoplaiiktou was made up almost entirely of
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diatoms with a few Ccraiiuni cells present. This material was collected

in the glass jar at the bottom of the net and portions of it immediately

plated out. The numbers of bacteria in the various tow waters are

given in Table IT.

The water containing the diatom plankton is extremely rich in bac-

teria. It was not possible to make determinations of the actual quantity

of plankton present in the samples. Apparently the zooplankton has

fewer bacteria associated with it than the phytoplankton. Dr. Gran

estimated that the sample obtained from Station 1336 contained 11,900

planktonic organisms per liter of tow water, of which 11,100 were

diatoms. It is of considerable interest to compare the relative numbers

of diatoms in the tow and in the sea water at this station with the num-

bers of bacteria in the tow water and in the sea water. In the case of

the zooplankton (Station 1331), there were 225 times as many bacteria

in 1 cc. of the tow as in 1 cc. of the corresponding water, thus giving a

ratio of the bacteria in the tow to the bacteria in the water of 225: 1.

TABLE II

Abundance of bacteria in tow water. Numbers in 1 cc. of tow.

Station
No.
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limited extent in the free water of the sea, but are largely attached to the

plankton organisms, living upon the dead members of the plankton or

upon the excretion products of the cells, upon the cell membranes, espe-

cially the mucilaginous substances secreted by certain alga-, etc. < >ne

need not, of course, imagine that if such an associative growth exists,

the numbers of higher plankton forms and bacteria will always be

parallel. One can readily imagine that the bacterial maximum may be

attained after the diatom and copepod maximum. This has been

brought out in an experiment carried out in cooperation with Dr. Gran

and described by him elsewhere, in which the numbers of diatoms and

of bacteria were determined simultaneously in artificial cultures of

diatoms in sea water (Table 111). The rise in numbers of both groups

of organisms appears to have been directly related. The increase in

bacterial numbers was much greater proportionately than that of the

diatom-. When the multiplication of the latter reached a maximum,

TABLE III

Comparative numbers of diatoms and bacteria in diatom cultures. Xumbers in

1 cc. of culture water.
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TABLE IV

189

Abundance of bacteria in the sea bottom. Numbers in 1 gram of mud or sand,

dry basis.

Station Number
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pebbles and no sample could be secured. The sand bottom of Stations

1334 to 1336 could not be sampled by the procedure outlined above be-

cause of the sand slipping from the tube as it was withdrawn from the

bottom. However, at two of these stations sand samples were obtained

by means of a Petersen grab. The numbers of bacteria found in these

samples, both at the surface of the sample and at a depth of 10 cm., in

the case of the mud bottoms, are given in Table IV.

TABLE \ I

Numbers of bacteria in sea water and in mud, as shown by the dilution method, using

gelatin as tin- medium for bacterial development*

Station
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mud. Thus at Station 1329, at a depth of 10 cm., the- number of bac-

teria is only 1,720 as compared to 5,400 at the surface. The decrease is

even more noticeable in the mud of Station 1332. The bacteria do not

disappear rapidly, however, below the surface layer of the mud, but

extend to considerable depths, as shown by the data for the presence of

anaerobic organisms (Table V). These bacteria were determined by
the dilution method, using liquid medium kept under anaerobic condi-

tions, and by the shake-tube method, using agar. medium. The results

indicate the widespread occurrence of anaerobic bacteria near the surface

of the mud and their presence to depths as great as 90 cm. below the

surface.

There is no doubt that the numbers of bacteria found in sea water

and in the sea bottom by the plate method represent only a fraction of

the total numbers of bacteria. This is due to the limitations of the

method, whereby only a part of the bacterial population develops on

the plate into colonies. In order to check this, several samples of water

and mud were diluted and 1 cc. portions of the various dilutions added

to sterile portions of 10 per cent gelatin in sea water. The results

presented in Table VI show that whereas the plate method gave only
1 to 4 cells in 1 cc. of water from Station 1331, the dilution method

with gelatin as a medium gave positive growth in some instances with

0.1 cc. of water and in some even \vith 0.01 cc. of water, indicating that

at least 10 to 100 bacterial cells were present in 1 cc. of the water. In

the case of the mud samples, abundant positive growth was obtained in

most instances with 0.001 gram.
Results of bacterial investigation of the water and bottom samples

of the Barents sea, recently reported by Butkewitch,
3 also bring out the

fact that the dilution method may give 10 to 100 times as many bacteria

as the plate method. The direct microscopic method gives even larger

numbers, usually a thousand times greater than those obtained by the

plate method. This difference is due to the fact that not only living

but also dead bacteria are counted by the microscope, while many bac-

teria unable to develop on artificial media are seen with the microscope.

OCCURRENCEOF SPECIFIC GROUPSOF BACTERIA IN THE SEA

A number of bacteria active in certain specific processes, which are

no doubt of considerable importance in the metabolism of the sea, were

demonstrated both in the sea water and in the sea bottom. It is sufficient

to mention here the presence of aerobic and anaerobic nitrogen-fixing

bacteria, of nitrifying bacteria, of agar-liquefying and cellulose-decom-

3 Butkewitch, W. C. Method of Bacteriological Investigation and Certain

Data on the Distribution of Bacteria in the Water and Bottom of Barents Sea.

Trans. Russian Occanogr. Inst., 2: No. 2, 1932.
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posing bacteria, of nitrate-reducing bacteria, of various spore-forming
and non-spore-forming bacteria, and of a number of heterotropbic
;erobic as well as aiKerobic bacteria. Some of these organisms will be

discussed in detail later, \vbile others need only be mentioned here in

passing.

At least three types of cellulose-decomposing bacteria \vere demon-

strated to be present in the sea. They belong largely to the groups
described by Winogradsky as Cytopluuja, Ccllvibrio, and Ccllfalcicitla.

They produce yellow and orange pigments or no pigment at all. They
were found in the water from Station 1329 and to a less extent in the

mud of the same station, but they were especially abundant in the tow

water collected at Station 1336. This phenomenon may suggest the

probability that these organisms, as well as the agar-liquefying bacteria,

also present abundantly in the diatom tow, as pointed out previously, are

not found to any great extent in the free water or in the mud, but

develop in close connection with the growth of the plankton organisms,

especially the phytoplankton ;
one would expect that the latter would

offer a logical substrate for the growth of such bacteria. Some of these

bacteria were able to attack both cellulose and agar, while others attacked

cellulose alone and still others grew upon agar alone.

Tin- agar-liquefying bacteria are represented in the sea by a number

of different groups. They produce yellow, pink, or brownish pigments
or no pigment at all. Most of them are aerobic, while some are aiuerobic.

A detailed description of these organisms will be published in a later

study. Chitin-decomposing bacteria have also been demonstrated in

the sea water but these organisms have as yet been insufficiently studied.

It is commonly assumed that the sea harbors very few spore-forming
bacteria. This may be true of the water itself

;
the sea bottom, however,

especially the mud bottom, was found to harbor large numbers of such

bacteria. The spore-forming bacteria could best be demonstrated in

the nitrogen-free media inoculated with various dilutions of the mud

sample-. Many of the spores were found to have the typical appearance
of t'lostriilhiin. so that one came to expect the development of the-e

organisms in the nitrogen-free media inoculated with mud. This

organism was accompanied by other bacteria, some of which were

spore-forming. Many spore-forming bacteria were found abundantly
in the calcium acetate-sodium nitrate medium used for the study of

nitrate-reducing bacteria.

An.-erobic bacteria were demonstrated by the use of liquid and solid

media -ealed with vaseline. < ia- formation in the liquid media and

my development in the shake-tubes were taken as evidence of the

development of the-e organisms. The ordinary peptone-glucose medium
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was used for this purpose. The cultures were inoculated with material

from the mud profiles (Table Y). The formation of colonies in the

anaerobic cultures brought out the fact that at least several hundred

anrerobic cells are present in each gram of moist mud, even to a depth

of 60 cm. of mud.

OCCURRENCEOK NITROGEN-FIXING BACTERIA IN THE GULF OF

MAINE

The problem of nitrogen-fixation in the sea has always aroused con-

siderable interest due to the importance of this phenomenon in marine

metabolism. If it is true, as some oceanographers assume, that the sea

produces as much plant and animal life as a similar area of land, the

amount of nitrogen required for the synthesis of these numerous forms

of life is quite enormous, since the nitrogen content of the various

representatives of marine life varies from 0.7 per cent in the case of

certain algae, such as Fncns, to 10 per cent in the case of various ani-

mals which range from the lowly copepods to the large fish and mam-
mals.

By the use of silica-gel plates and liquid media containing a layer

of sand, the presence in the sea of the two important groups of non-

symbiotic nitrogen-fixing bacteria, namely the aerobic Asotobacter and

the anaerobic Clostridium, was definitely demonstrated. The occur-

rence of organisms in the sea water and sea bottom of the Gulf of

Maine, capable of growing on nitrogen-free liquid media, is brought out

in Table VII. The nitrogen-fixing organisms were found both in the

surface waters and in the marine bottom. Samples of water taken from

Station 1331 at depths of 30, 100, and 215 meters gave largely negative

results.

A detailed description of the methods used in this study as well as

the nature of the organisms found and their nitrogen-fixing capacity

will be reported in another publication. It suffices here to say that a

nitrogen-free medium containing a carbon source (glucose, mannitol,

salts of organic acids), a source of phosphate and organic iron was

used. In the case of the plates, this medium was added to silica-gel

prepared in large Petri dishes (15 cm. in diameter) ;
it was then sub-

jected to dialysis in tap water, and the plates finally soaked for a few

minutes in boiled sea water. Each plate contained 2 grams of carbon

source. The liquid medium was placed in large test tubes with a layer

of sand on the bottom and sterilized.

The silica gel plate inoculated with mud from Station 1329 gave a
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typical development of ^Isotobacter chroococcuin. This organism was

readily isolated and grown in pure culture. ( )n nitrogen-free sea water

media, with glucose or mannitol as a source of energy, it fixed four to

six milligrams of nitrogen for one gram of carbohydrate in 21 days.

OCCURRENCEIN THE GULF OF MAINE OF BACTERIA CAPABLE OF

OXIDIZING AMMo.\ir.\i SALTS TO NITRITES

If there is any one group of bacteria that has attracted the greatest

attention of oceanographers and of bacteriologists alike, it is the group
of nitrifying bacteria, or those organisms which produce nitrites from

ammonium salts and nitrates from nitrites. A review of the various

theories proposed to explain the occurrence of nitrite and nitrate in the

ocean would in itself require considerable space. It suffices here to

bring out only the results of the
"

Atlantis
"

expedition, to enable one

to draw some very definite conclusions. It is important to emphasize in

this connection that negative results do not necessarily mean the absence

of the specific organisms but merely that the possibility exists that the

medium used for demonstrating these organisms and the conditions es-

sential for their development were not particularly favorable. Positive

results are, however, much more important.

Of the two processes leading to the formation of nitrate, the first

one, namely the oxidation of ammonium salts to nitrite, is usually con-

sidered to be more specific and more important, hence this process was

more emphasized during this cruise.

Preliminary investigations of the water taken near shore brought
out the fact that nitrite formation can take place in a sea water medium
if proper conditions are provided. Three methods were used for this

purpose: (1) Sand and nutrient salts CaCO
:; . (NH 4 ) 2 SO4 , K,HPO4

were added, in proper concentration to flasks and these were ster-

ilized ;
the fresh sea water taken from the various stations and at the

different depths was introduced directly into these flasks. (2) In an-

other set of flasks sand taken from Georges Bank was used in a fresh

state and water taken from some of the stations was added. (3) In a

third experiment, sea water, sand, and chemicals were placed in flasks,

sterilized, and inoculated with mud from the various stations. The

results obtained on the
"

Atlantis
"

cruise are presented in Table VIII.

These results prove definitely that nitrite-forming bacteria are com-

pletely absent in the free sea water or are present there only in very

limited numbers, while the sea bottom contains an abundance of such

organisms. In the case of the mud, the presence of nitrifying bacteria

was demonstrated at quite appreciable depths. This tends to demon-

strate that nitrite formation and probably also nitrate formation take
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place in the sea bottom. The nitrite and nitrate ions will then diffuse

into the water and will l>f gradually brought upwards by ocean currents,

etc. Near the surface of the water, where active photosynthesis takes

place, the nitrates tend to disappear due to the fact that they are rapidly

consumed by the phytoplankton organisms.

OCCUKKK.NVF. IX T 1 1 K. Sl-.A OK I '. \< I KRIA CAPABLF. OF IvEDUCINC

NlTKAM.S Til XlTKITKS AND TO ATMOS I' 1 1 IK I C XlTROr.F.N

The presence in the sea of bacteria capable of reducing nitrates has

attracted considerable attention from oceanographers. largely as a result

of the hypothec- proposed by lirandt.
1 who attemjited to base tin- whole

TABLE VIII

Presence of nitrifying bacteria in sea miter and sea bottom

Nitrite-forming bacteria in water
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capable of reducing nitrates to nitrites, as well as of reducing the latter

completely to atmospheric nitrogen.

For the investigations carried out on the
"

Atlantis
"

cruise, a

medium similar to the above and containing 10 grams Ca-acctate, 1 gram
NaNO;., 0.5 gram KJIPO,, and a trace of iron per liter of sea water

TABLE IX

Relative abundance of nitrate-reducing bacteria in sea water

Station
num-
ber
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Of all the cultures inoculated with water or with mud. only one gave

positive gas evolution, namely, the one inoculated with 0.1 gram of mud
from Station 1329. Positive growth of bacteria was always accom-

panied by a reduction of the nitrate to nitrite. This experiment tends

to prove that the waters and the mud in the Gulf of Maine are able to

reduce nitrates only to nitrites, but not to atmospheric nitrogen. In the

case of the waters, nitrate reduction was active to a depth of 50 meters.

Morphologically, the organisms developing in these cultures were found

to differ considerably with the different inocula. Some were plain rods.

others resembled Azotobactcr cells, while still others were undeniably

spores.

TABLE X
Relative abundance of nitrate-reducing bacteria in the nnul

Station
number
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The problem finally remains to establish whether the limited occur-

rence of nitrite in sea water is due to the oxidation of the ammonia by

nitrifying bacteria or to the reduction of nitrate by other bacteria. There

is no doubt that the oxidation takes place chiefly at the bottom of the

ocean ; further that while the formation of nitrite from ammonium salts,

under proper conditions of culture and with bottom material as an

inoculum, can be readily demonstrated, nitrate formation takes place,

under laboratory conditions at least, at a much later date. Reduction

of the nitrate can be expected to take place both in the sea water and in

the sea bottom ; however, this process requires a supply of organic mat-

ter as an available source of energy. This can only be obtained through
the photosynthetic activities of the planktonic organisms. It is no mere

coincidence, therefore, that the maximum nitrite formation corresponds
well with the maximum oxygen content in the water or the maximum

photosynthetic activities.

The following hypothesis suggests itself at this particular point :

Decomposition of the organic nitrogenous compounds takes place in the

sea water but largely on the sea bottom, with the result that the ammonia

is then liberated. This ammonia is rapidly oxidized by specific bacteria

living in the bottom to nitrite and later to nitrate. This nitrate remains

in the sea bottom and is not reduced, due to a lack of available energy
for the nitrate-reducing bacteria and not to a lack of such bacteria. The

small amounts of ammonia found in the sea water originate from the

decomposition of the plant and animal residues in the plankton and in

the water. The nitrate formed in the bottom gradually diffuses into

the water, where it remains as such. On reaching the zone of photo-

synthetic activities, this nitrate is either consumed by the phytoplankton

or is reduced by the nitrate-reducing bacteria to nitrite, which may also

be gradually consumed by the plants. Very little nitrate reduction to

gaseous nitrogen or complete denitrification is possible under normal sea

conditions. Reduction of nitrate to nitrite does not mean necessarily

any loss of nitrogen from the cycle of life in the sea.

ABUNDANCEOF MARINE HUMUSIN THE BOTTOMOF THE GULF OF

MAINE

A series of mud samples was taken with the small glass tube from

the first four stations and from one sand station, in order to determine

the abundance as well as the variability in distribution of the organic

matter in the sea bottom. The methods of analysis, as well as the im-

portance of these results in determining the origin and nature of the

organic matter or the marine humus in the sea will be discussed in a



SELMANA. WAKSMANET AL.

later publication. The organic matter is reported in terms of carbon

and nitrogen. In order to calculate the organic matter content of the

mud or sand from the carbon data, the factor 1.724, which has found

extensive application in soil investigations, may be used, for reasons

discussed elsewhere.

TABLE XI

Distribution of marine humus in the sea bottom, as shown by the carbon and nitrogen

content. Percentage of dry material.

Station No.
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The distribution of marine humus in the mud profiles taken from

the various stations is given in Table XII. A heavy brass sounding
tube was used for this purpose. The depth of the mud brought up by
means of this corer ranged from 75 to 115 cm. As soon as brought up.

the cores were divided into three or four sections and later each analyzed

separately. It is important to remember, of course, that the mud was

compressed by the sampler and that the actual depth of the mud was

greater than that shown by the figures. The analyses of the total car-

bon and nitrogen were made on the materials which had been dried in

an oven at 100 C. There has been some question, however, as to the

influence of drying upon the changes in the nitrogen content of the mud.

TABLE XII

Relative distribution of marine humus -with the depth of the mud profile. On basis

of dry material.

Station No.
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especially on the basis of the nitrogen figures. This is accompanied

liy a gradual decrease in the nitrogen content of the humus. This is

due either to the greater decomposition of the nitrogen complexes with

the age of the humus or to a difference in the nature of the materials

deposited at different times. One is struck, however, by the great rela-

tive uniformity of the organic matter in the mud throughout the whole

profile. One exception to this is found in one of the samples from the

90-115 cm. layer of Station 1331. This section of the profile was dis-

tinctly different in color from the rest of the profile and even from the

duplicate part of another profile, heing much redder in color. This

proves again that even at one and the same station the mud may not

he very uniform
;

this was brought out in Table XI for the data obtained

from this station.

In the case of Station 1332, there is an increase in the humus con-

tent with an increase in the depth of the profile, as shown by both the

carl ion and nitrogen figures. This is due entirely to a difference in the

TABLE XIII

Influence of drying of marine mud upon its nitrogen content. On basis of dry mud.

Depth
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either in the very surface layer of the mud or in the 10 cm. layer, while

the organic matter content was determined in the total core which

ranged in depth from 15 to 25 cm. The bacteria are present most

abundantly in the uppermost surface layer, where the organic matter

is of recent origin and no doubt different chemically from the organic

matter in the lower depths of the mud. The surface layer of the mud
can be looked upon as the layer most active bacteriologically. The

same is probably true of the sand, where the relative abundance of

bacteria is considerably greater than the relative humus content. The

abundance of humus can, therefore, be looked upon as only one factor

controlling bacterial numbers and activities.

SUMMARY

A bacteriological survey has been made of the waters and bottom

sediments in the Gulf of Maine and Georges Bank. The samples of

water, plankton tow, and sedimentary material were taken under sterile

conditions and subjected immediately to bacteriological analysis as soon

as brought on board the
"

Atlantis."

The agar-plate method was used for the enumeration of the numbers

of bacteria. This was supplemented to a limited extent by the dilution

method. Various specific media were used to determine the distribution

and relative abundance of certain groups of bacteria which are believed

to take part in important marine processes.

The results obtained demonstrated the fact that the bacterial popu-
lation of the sea can be divided into three groups on the basis of their

habitat: (1) those forms which live in the sea bottom, especially in the

surface layers; (2) those bacteria which live in the free water, this

being possible only when the water contains in solution organic and

inorganic substances which can serve as nutrients for the bacteria; (3)

those bacteria which live largely upon or in association with the plankton

organisms.

Sea water is a rather poor medium for the growth of bacteria, while

the marine bottom is comparatively richer in the total number of bac-

teria capable of developing on the plate and in solution media. Mud
bottoms contain more living bacterial cells than sand bottoms. How-
ever, the waters above the sandy bottom were found to contain many
more bacteria than the waters above the mud bottoms. This may be

due to the greater abundance of plankton organisms, especially diatoms,

in the shallower seas with the sandy bottom, to the greater mixing of

the waters, or to the greater absorption of bacterial cells by the mud
bottom material than by the sand bottom.
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The numbers of bacteria obtained by the plate method represent

only a part of the bacterial population of the sea. This was shown by
the fact that the dilution method, using gelatin as a medium for bacterial

development, gave higher numbers than the plate method.

A decided parallelism was observed between the abundance of

diatoms in the sea and abundance of bacteria. A comparatively large

number of these bacteria were agar-liquefying organisms. In the arti-

ficial culture of diatoms, the numbers of bacteria were found to increase

with the development of the diatoms. 1 lowever, when the latter reached

a maximum and began to die out, bacterial numbers did not diminish

very rapidly; these bacteria seemed to be largely limited to a few specific

types, the importance of which in marine processes still remains to be

determined. These results seem to point definitely to the fact that the

development of phytoplankton in the sea is accompanied closely by bac-

terial development. The bacteria feed upon the excretion products of

the diatoms, alga?, and animal forms and probably upon these plankton
forms themselves as soon as they die. thus bringing about their rapid

disintegration and liberation of the nutrient elements in an available

form.

. \iuerobic bacteria were found abundantly in the marine mud; these

bacteria were present in the mud even at considerable depths. Their

presence points to continued decomposition of the plant and animal

debris of the ocean on and in the ocean bottom, even with an insufficient

supply of oxygen.
The bacterial population of the sea was found to consist of a num-

ber of types, some of which take part in well-known processes which

are of great importance in the metabolism of the sea, such as nitrogen-

fixing, nitrite- and nitrate-forming, nitrate-reducing, cellulose-decom-

posing, agar-decomposing, chitin-clecomposing, and many others. The

importance of many common bacteria, both ;erobic and anaerobic, mostiv

non-spore-forming but also spore-forming, in marine processes still

remains to be determined. The presence of nitrogen-fixing bacteria.

comprising both the a-robic . Izotol'ticli'r and the aiuerobic Clostridiitni,

has been definitely demonstrated. One strain of the first group was

i-ol;i(ed in pure culture and was found to be .-hotohiictrr chroococcum.

which fixed considerable quantities of nitrogen when grown on artificial

culture media, with various carbon sources.

I'.acteria capable of oxidi/ing ammonium salts to nitrites were found

in the sea bottom, but only seldom in the sea water. For demonstrating

the presence of these organisms in the sea. a medium containing a 1a\<-r

of sand and < a( '< > and covered with a shallow layer of liquid containing

an ammonium salt and the nccessarv minerals was used.
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Bacteria capable of reducing nitrate were found abundantly both in

the water, especially at the surface layers and the zone of photosynthetic

activities, and in the sea bottom. However, these bacteria were able to

reduce nitrate only to nitrite and not to nitrogen gas ; only in one in-

stance, namely, in the mud from the first station taken on this expedition,

was there present an organism capable of bringing about the last process.

The cycle of nitrate in the sea is explained as follows: The nitro-

genous constituents of the plant and animal residues in the sea are de-

composed with the liberation of ammonia, largely in the sea bottom.

The ammonia is oxidized in the sea bottom to nitrite and later to nitrate.

The latter gradually diffuses into the waters. It is not reduced in the

sea bottom or lower layers of water, largely because of a lack of avail-

able energy material necessary for the activities of the nitrate-reducing

bacteria. In the zone of maximum photosynthetic activity such energy

is available, hence nitrate-reduction may take place, but only to nitrite,

since bacteria capable of reducing it to nitrogen gas are lacking under

those conditions. The nitrite thus formed may also be assimilated by

the phytoplankton and does not represent any loss of nitrogen in the sea.

The marine humus (total organic matter) content of the mud bottom

in the Gulf of Maine is found to be more or less uniform in composition.

This humus is best calculated from the total organic carbon. It was

found that determinations based upon one sample may not give absolute

evidence, since different samples may give considerable variation. The

humus content usually decreases with the depth of the mud. In some

stations, however, an increase in humus content with depth was ob-

served. There is also a widening of the carbon-nitrogen ratio of the

humus with an increase in depth. This points to a greater decomposi-

tion of the humus, especially of the nitrogenous complexes, with an

increase in depth. An increase in humus content with depth of mud
found in some stations merely points to the fact that the rate of dqxisi-

tion of the humus may vary considerably with different periods.

A definite parallelism was observed between the numbers of bacteria

and abundance of humus in the mud.

A detailed review of the literature bearing upon the results presented

in this report, as well as a detailed description of the methods used and

a correlation of these results with the results of bacteriological investi-

gations of the sea near shore, is reserved for a future publication.
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